N95- 23643 



SPRAY COMBUSTION EXPERIMENTS AND NUMERICAL PREDICTIONS 

by 

Edward J. Mularz 

U. S. Army Vehicle Propulsion Directorate, ARL 
NASA Lewis Research Center 

Daniel L. Bulzan 
NASA Lewis Research Center 

Kuo-Huey Chen 
The University of Toledo 


ABSTRACT 

The next generation of commercial aircraft will include turbofan engines with 
performances significantly better than those in the current fleet. Control of particulate and 
gaseous emissions will also be an integral part of the engine design criteria. These performance 
and emission requirements present a technical challenge for the combustor: control of the fuel 
and air mixing and control of the local stoichiometry will have to be maintained much more 
rigorously than combustors in current production. A better understanding of the flow physics of 
liquid fuel spray combustion is necessary. This presentation describes recent experiments on 
spray combustion where detailed measurements of the spray characteristics were made, including 
local drop-size distributions and velocities. In addition, an advanced combustor CFD code has 
been under development and predictions from this code are presented and compared with 
measurements. Studies such as these will provide information to the advanced combustor 
designer on fuel spray quality and mixing effectiveness. Validation of new fast, robust, and 
efficient CFD codes will also enable the combustor designer to use them as valuable design tools 
for optimization of combustor concepts for the next generation of aircraft engines. 
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OBJECTIVES 
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COMBUSTOR 
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Coflow 




Gas Phase Velocity at 5 mm Downstream 

Mean Axial Velocity 
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Radius, mm 



Gas Phase Velocity at 5 mm Downstream 

Fluctuating Axial Velocity 
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Drop Velocity at 5 mm Downstream 

Mean Axial Velocity 
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Drop Velocity at 5 mm Downstream 
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Drop Number Flux at 5 mm Downstream 
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NUMERICAL ALGORITHM 
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Difficulties with Compressible Flow Algorithms at Low Mach 


I 

0? 

J-H 


+ 


Uj 

C 

.2 

*-P 

=3 

cr 

0) 

E 

3 


3 


P 

OJ 



E 


c 3 

o 

»s 

-t -3 

s 

CO 

C$ 


CO 

<D 

J-l 

0 

C 3 

4 ? 


b: 

CD 

r-< 


CS 

E 

*- 4-3 

<V 


CO 

bO 

0 > 

s — ^ 

i-> 

-+J 


-4J 

4J 


2 o' 

b0 & 


S3 

co 

<v 


0) 

(_i 

3 

CO _£! 
CD o 

£ S 

M o 


Oh 


hH 

o 


tH 

a 

a 


i-H 

. 0) 

S -S 

S E 


£ 

f 




* 


co — 2 

op J5 
O 0) 

fci •— H 

O ’■c 

O 

<D s— i 

_C bJO 


CD 

l-l 

o 

co 

CO 

8 £ 


es 

Vi 

•<; 


a 

< 


J-H 

a 


a? 
bO 
_ u 

a £ 

.2 <D 


c3 

► ^-4 

*-4 

d 

> 

0) 

S-4 

3 


u \ 

O 

u* 

Ui 

co a) 
CO 

£ te 

*.§ 


a 

0> 

s§ 

0) 

J-i 

o 

0> 


C 3 

P 

o 

(-H 

s 

4) 


CO -2 

n jS 

<D P 



CO 

CO 

S 

0 

0 


<u 

u 

a 

bO 

u 

ctj 

-H 

rt 

s 

0 * 

QD 

U 

0 

d 

a, 

CO 

C 

-4-3 

3 

bJO 

c 

s 

CO 

J2 

£ 

5 

"3 

CO 

a3 

s 


fM 

• 


• 




bocs u 

E 2 § 
” e r- 


CO 


655 


erm 



METHOD OF APPROACH 
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i ressure rescaled so that all eigenvalues have the same order of mag- 
nitude. Physical acoustic waves removed and replaced with pseudo- 
acoustic waves which travel at speed comparable to fluid convective 



Mean Velocity Profiles 





Turbulence Quanities 

Turbulent Kinetic Energy 0 Experiment of Kimetal.,1980 

Computations 



659 


CD-93-65263 







Velocity Vectors 





'•-I'': ! ii'IMU 


• 'I'HIIOMfeWTIi 1 

irfi-tiWBKnnii'i.' . . • i ; 1 1 

! ’ 1 • ^ t > • I fl 

i i.i \r I 

- • ■ > i ’ 1 i 

,V ! • -I 

>; ' !*:«!WMDKT*;i " ' 

1 i ■ i 



661 


ORIGINAL PAGE IS 
OF POOR QUALITY 


CD-93-65267 



Gas Turbine Combustor 



Velocity Vectors 






SMD Distribution 




Convergence History 
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Number of iterations 
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Preliminary Results Obtained for Two-Phase, 
Turbulent, Reacting Combustor Flowfield 




